We randomly selected and partially sequenced cDNA clones from a library of Chinese cabbage (Brassica campestris L. ssp. pekinensis) flower bud cDNAs. Out of 1216 expressed sequence tags (ESTs), 904 cDNA clones were unique or nonredundant. Five hundred eighty-eight clones (48.4%) had sequence homology to functionally defined genes at the peptide level. Only 5 clones encoded known flower-specific proteins. Among the cDNAs with no similarity to known protein sequences (628), 184 clones had significant similarity to nucleotide sequences registered in the databases. Among these 184 clones, 142 exhibited similarities at the nucleotide level only with plant ESTs. Also, sequence similarities were evident between these 142 ESTs and their matching ESTs when compared using the deduced amino acid sequences. Therefore, it is possible that the anonymous ESTs encode plant-specific ubiquitous proteins. Our extensive EST analysis of genes expressed in floral organs not only contributes to the understanding of the dynamics of genome expression patterns in floral organs but also adds data to the repertoire of all genomic genes.
Single-run partial sequencing of randomly selected cDNA clones is now a widely used tool in genome research (Adams et al., 1991; Boguski et al., 1993; Sasaki et al., 1994) . ESTs help to quickly identify functions of expressed genes and to understand the complexity of gene expression. ESTs have also served as molecular genetic markers in genomic mapping (Kurata et al., 1994; Shen et al., 1994) . Since the number of ESTs from various species has increased rapidly, it is now possible to compare a large number of genes and the proteins they encode between animals and plants. Genes expressed in different tissues within an organism have also been randomly sequenced (Hofte et al., 1993) . Comparison of ESTs between different tissues yields information on the dynamics of genomic expression patterns. The first random sequencing of cDNA clones was performed utilizing a human brain library (Adams et al., 1991) , and almost 3400 cDNA clones have been reported from human brain (Adams et al., 1991 (Adams et al., ,1993 . Various other organisms, such as nematode (McCombie et al., 1992;  * Corresponding author; e-mail mjcho@nongae.gsr,w.ac.kr; fax 82-591-759-9363. Waterston et al., 1992) , mouse (Hoog, 1991) , and severa1 plants (Uchimiya et al., 1992; Hofte et al., 1993; Keith et al., 1993; Park et al., 1993; Newman et al., 1994; Sasaki et al., 1994) have also been examined by extensive sequencing of randomly selected cDNA clones. The enormous accumulation of ESTs has thus led to the establishment of dbEST (Boguski et al., 1993 (Boguski et al., , 1994 . The processes of searching, retrieving, and submitting ESTs have been greatly facilitated by e-mail or Internet file transfer protocol (Boguski et al., 1993 (Boguski et al., , 1994 Newman et al., 1994) .
In the area of plant science, two major cDNA sequencing projects have been conducted in Arabidopsis and in rice (Uchimiya et al., 1992; Hofte et al., 1993; Newman et al., 1994; Sasaki et al., 1994) . As of September 14, 1995, over 21,044 Arabidopsis and almost 11,015 rice sequences had been registered in dbEST. Approximately 32% of EST cDNA clones of Arabidopsis and 35% of rice have sequence similarity to known proteins from either microbes, plants, or animals. Functions of "unmatched" ESTs still await elucidation through genetic and biochemical studies. For example, generation of mutants or characterization of proteins encoded by such unmatched ESTs could provide a means to pinpoint functions of those or other genes. Another way to address genes of unknown function in the cDNA sequencing projects is to define highly conserved domains or structural motives among homologous genes from heterologous organisms. Such an approach may be possible once a large number of genes are compiled from many different species. In plants, major efforts to generate ESTs have been restricted until now, mainly with regard to Arabidopsis, rice, and maize. Once expressed genes are sequenced from many different plant species, however, defining highly conserved domains within homologous ESTs will be possible for plant-specific genes.
In this report single-run partial sequencing of randomly selected cDNA clones from Chinese cabbage (Brassica campestris L. ssp. pekinensis) was performed as a part of the Brassica genome project in Korea. Chinese cabbage belongs to the genus Brassica, which comprises many economically important vegetable plants, especially in Korea, China, and Japan. In addition, Brassica has served as a favorite model system for various biological processes in plants (Park et al., 1993) . The relatively small genome size of Chinese cabbage (approximately 7.7 x 10sbp per haploid genome), only a few times larger than that of Arabidopsis, greatly simplifies both genetic and molecular analyses of genes (Croy et al., 1993) .
A majority of the ESTs reported in Arabidopsis and rice were derived from cDNAs from a mixture of different tissues (Hofte et al., 1993; Newman et al., 1994) or from cultured cells (Uchimiya et al., 1992; Sasaki et al., 1994) . Use of a whole plant body or suspension cells in generating ESTs is an efficient means to obtain a representative EST population from a given plant species. In our study, though, we chose flower buds of Brassica. A flower bud is one of the most complicated organs in plants. Many morphological and biochemical processes are unique to this young reproductive organ. This large-scale EST project was conducted to provide better understanding of the dynamics of genomic expression patterns of floral organs. In addition, the tissue-specific EST information supplies supplementary data to the repertoire of all expressed genomic genes, because cDNAs from whole plant bodies are much less likely to contain rare, tissue-specific, expressed genes. In this paper we report partial sequencing of 1216 randomly selected cDNA clones from Chinese cabbage flower buds and classification of these clones based on the biological functions of the encoded proteins.
MATERIALS A N D M E T H O D S Plant Materiais and c D N A Library
Flower buds of approximately 5 mm in length were harvested from Brassica campestris L. ssp. pekinensis grown in a greenhouse at Seoul Seed Co. (Seoul, Korea). Total RNA was isolated from flower buds as described previously (Ausubel et al., 1992) . Poly(A)+ RNA was selected using a commercially available poly(A)+ RNA purification kit (Pharmacia). cDNA was synthesized using a AZapII cDNA synthesis kit (Stratagene) and was cloned into pBluescript 11 KS( +) (Stratagene) using unphosphorylated adaptors following, with slight modification, a published method (Stanley et al., 1988 ). The plasmid library was plated on 15-cm Luria Bertani agar plates with ampicillin. Individual colonies were propagated and saved at -80°C until further use.
Nucleotide Sequencing
The template DNAs for the sequencing reaction were prepared, with minor modifications, by an alkaline lysis method (Sambrook et al., 1989) . Cells of 2-mL overnight cultures were collected and resuspended in 200 pL of a lysozyme buffer containing 2 mg/mL lysozyme and 2 mg/mL RNase A. The cells were subsequently lysed with 0.2 N NaOH/1.0% SDS and neutralized with 5 M KOAc. Plasmid DNA was precipitated with an equal volume of isopropanol, and the pellet was washed with 80% cold ethanol. The amount of isolated DNA template was estimated on a 1.0% agarose gel by comparison to seria1 dilutions of pBluescript II KS( +). Insert sizes were estimated by agarose gel electrophoresis after restriction enzyme digestion with BamHI and XkoI. Using a Perkin-Elmer 9600 thermal cycler and an ABI 373A sequencer (Applied Biosystems), the 5' ends of the cDNA clones were sequenced according to the thermal cycling protocol with a Taq Dye Primer Cycle Sequencing Kit (Applied Biosystems).
Sequence Analysis
The partial sequences were translated into three reading frames and then compared with sequences in the PIR (release 40.0, 1994) or SwissProt (release 28.0, 1994) databases using the FASTA algorithm (Pearson and Lipman, 1988) . A match was declared when the optimized similarity score was greater than 120 and the sequence identity was greater than 35% when compared to the quarry sequence and a known sequence. From the proteins that ranked higher than 120 score and 35% identity, the sequence with the highest optimized similarity score sequence was chosen. Sequences that did not match with sequences in the protein databases were further analyzed by searching for homology in GenBank (release 82.0, 1994) and EMBL (release 38.0, 1994) at the nucleotide leve1 using the FASTA algorithm (Pearson and Lipman, 1988) . A match was declared when the score was higher than 120 (optimized similarity score) and 65% (sequence identity). The remaining unidentified sequences were compared to each other, and unique sequences were submitted to the Genome Sequence Database (Los Alamos, NM) and the dbEST. cDNAs from poIy(A)+ RNA derived from flower buds of Chinese cabbage were directionally cloned into a plasmid vector. This cDNA library was the source of the ESTs in this study. The overall insert sizes of the total 1216 EST sequences ranged from 0.5 to 4.0 kb, with the majority (75%) falling between 0.6 and 1.0 kb. We sequenced the 5' ends of the inserts. After deletion of vector sequences and ambiguous bases, an average length of 320 bp was used in the database searches. To evaluate the quality of the library, both ends of 15 clones of rbcS (small subunit of Rubisco complex) were sequenced. They all had poly(A) tails, and translation initiation codons (ATG) were present in 10 clones. For a gene encoding histone H4, we found 4 clones that had poly(A) tails and translation initiation codons. In this library a high percentage of cDNAs of less than 1.5 kb had full-length coding regions.
Characterization of ESTs
We partially sequenced 1216 individual cDNA clones in a single run. The deduced amino acid sequences were compared with protein sequences in severa1 databases, although we searched primarily in PIR. SwissProt was used also when no matching sequences were found in PIR. We found 588 ESTs (48.4%) that had significant amino acid sequence similarities to sequences registered in both protein databases, and 393 of those ESTs that could be func-tionally identified are listed in Table I . When more than 1 EST showed homology to a gene registered in the databases, only one EST was included in Table I , even if the ESTs were not from the same gene. We observed that 269 ESTs encoded proteins previously identified in other plant species, and only 20 ESTs matched registered genes from the Brassica species (Table I) . Five known flower-specific genes were identified: the anther-specific protein (Shen and Hsu, 1992) , the bp4C protein (Albani et al., 1990) , the C98 protein (Roberts et al., 1991) , the fil 1 protein (Nacken et al., 1991) , and the microspore-specific protein I3 (Roberts et al., 1991 ) (see Table I ).
We also classified in Figure 1 the 588 protein sequences that have homologies to sequences in the databases according to putative functions. Genes involved in metabolic pathways ( e g glycolysis or photosynthesis) produced the most abundant transcripts in the flower buds. Transcripts for the translational apparatus (especially ribosomal proteins) ranked next in abundance. One hundred twenty-four clones shared sequence homologies with nonplant sequences. Some of them included the FK506/ rapamycinbinding protein, 26K antigen, spermatid-specific protein, placenta1 protein 15, and valosin-containing protein. It was not possible to assign probable functions to these proteins in plants. The remaining ESTs had sequence similarities to proteins found in distantly related organisms, such as viruses, algae, bacteria, yeasts, and animals.
Out of 1216 ESTs, 904 were unique or nonredundant cDNA clones. Twenty-five percent redundancy was found in the cDNA library, and the redundant clones could be transcripts of the same gene or cognate genes. It is possible that the number of unique ESTs is overestimated, since they could be nonoverlapping cDNA fragments of the same gene. The most frequently represented genes are those encoding the microspore-specific protein 13 (GenBank accession no. S16569) (Roberts et al., 1991) and the lipid transfer protein (accession no. S22168) (Fleming et al., 1992) , which appeared 19 and 17 times, respectively. Since an average of 320 bp were sequenced from the 5' ends of the cDNA inserts, the redundancy of a cDNA clone should not be thought to represent the expression level of the gene unless the size of the in vivo transcript is less than 0.6 kb. In a previous study of ESTs from flower buds of Arabidopsis (Hofte et al., 1993) , the most redundant gene was the small subunit of Rubisco, which appeared 46 times in a total of 234 ESTs. The small subunit of Rubisco in our library was encountered 15 times in a total of 1216 ESTs. This disproportionate discrepancy can be explained by a difference in either species or developmental stages. Our EST analysis of flower buds resulted in a spectrum of genes expressed that differs from the spectrum found in Arabidopsis. Unique ESTs (904) were registered in Genome Sequence Data Base. The sequence data are also accessible in GenBank, EMBL, DNA Data Bank of Japan, and National Center for Biotechnology Information.
The deduced peptides of 628 ESTs that did not share homology with sequences in the protein databases were further examined at the nucleotide level using nucleotide sequence databases. Among the 628 cDNA clones, 184 showed significant sequence similarity to known nucleotide sequences in the databases, and 142 clones shared significant nucleotide sequence identity with plant ESTs previously reported from Arabidopsis (Hofte et al., 1993; Newman et al., 1994) , maize (Keith et al., 1993) , and rice (Uchimiya et al., 1992; Sasaki et al., 1994) . To examine the significance of this finding, we again compared the Brassica cDNAs and the matching EST at the amino acid level using the TFASTA program. Of a total of 142 deduced peptides, 119 had more than 35% amino acid sequence similarity to peptide sequences of Arabidopsis, maize, and rice ESTs. In many instances, the sequence identity between the Brassica and other ESTs was less than 80% (100/119) at the amino acid level. Among these matched Brassica ESTs, 26 clones of sequences were present in both Arabidopsis and rice. Therefore, one can expect that these ESTs are ubiquitously present in both monocotyledonous and dicotyledonous plants, even though their biochemical and genetic functions are not yet known. Since they did not reveal significant homology to animal or microbe ESTs, they may be plant specific. For the remaining 444 clones (36%), we could not find significant similarities to sequences in either the protein or nucleotide databases.
DI SCUSSION
We attempted to characterize expressed genes that were active during floral development. Partia1 sequences of 1216 randomly selected cDNA clones from developing flower buds of Chinese cabbage were obtained. Compared to a previous EST study of Arabidopsis flower buds with a total of 234 ESTs, this is a much more extensive EST analysis of flower organs. Our data, therefore, can supply significant information about the dynamics of genome expression during floral development.
Of the total ESTs, 48% (588/1216) carried cDNA with significant amino acid sequence similarities to previously identified genes deposited in protein databases. This is rather high for database matches. It was reported previously that the percentage of significant matches to known genes was 32% for Arabidopsis (Hofte et al., 1993) . The lower percentage may be due to a more stringent cut-off score (greater than 120 of the sequence similarity) used during the database searches in that study. From the sequence analysis of these ESTs, we have identified 5 flowerspecific ESTs. However, it is rather surprising to find only 5 ESTs out of a total of 1216 ESTs. One possible explanation would be that the current protein databases may have a very limited number of flower-specific protein sequences. In a previous study of ESTs with flower buds from Arabidopsis, Hofte et al. (1993) found no flower-specific ESTs from their 234 flower bud ESTs. This indicates that our cDNA library adequately represents transcript populations during floral development. Since many (118/589) of the identified cDNA clones from Brassica flower buds encode proteins with currently unknown functions, further study is required to determine how many flower-specific cDNAs are represented.
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Overlap indicates the number of amino acid residues between a quarry sequence and its matched protein se- Of the 588 ESTs that have sequence similarity to known proteins, 124 clones shared sequence homology with nonplant genes. At present it is not possible to assign functional roles for these proteins in plants. The functional classification of the putatively identified genes listed in Figure 1 shows that metabolism-related genes are the most prevalent among the identified cDNA clones. cDNA clones encoding various ribosomal proteins are also abundant. The data suggest that cells i n flower buds are metabolically quite active, a n observation also made i n the cases of Arabidopsis (Hofte et al., 1993 ) a n d rice (Uchimiya e t al., 1992; Sasaki et al., 1994) .
Using the ESTs i n this study, we could not find sequence similarities to known proteins in databases for more than 50% of the cDNAs. To define the functional identities of these unidentified genes will require extensive biochemical a n d genetic studies. When we compared our unidentified sequences with other plant ESTs, we found 142 clones with sequence similarity to other plant ESTs a t the nucleotide level, indicating that they may possibly encode similar polypeptides. Of these, 119 ESTs showed similarity with ESTs from other plants at the amino acid level. One way to analyze a large number of unidentified clones is to define sequences highly conserved among homologous ESTs from various plants (Sasaki e t al., 1994) . If a large number of ESTs from various species were available, homologous peptides or nucleotides aligned with novel ESTs might help to classify anonymous genes. Furthermore, highly conserved domains that determine sequence homology also help to elucidate putative functions.
